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ABSTRACT 


A scattering range is proposed for use in experimentally 
simulating echo area measurements of dielectric bodies and die= 
lectric-coated bodies with dielectric constant less than one. 

These investigations were initiated due to interest in plasma 
coatings of satellites in the ionosphere, The optimum parameters 
of the scattering range and the liquid to be used as the ambient 
medium are discussed. 


While no conventional dielectric has the required properties, 
a mixture of Rutile (42% by volume) in transil oil was found to have 
the required properties for use as the ambient medium, Settling 
problems can be greatly alleviated with little change in electrical 
properties by adding petrolatum to the mixture, 


ii 


1116-17 


Vv. 


Vi. 


TABLE OF CONTENTS 


INTRODUCTION 
SCATTERING RANGE PARAMETERS 
DIELECTRIC CONSTANT AND LOSS 
TANGENT MEASUREMENTS 

A. Theoretical Considerations 


B. Equipment 
RESULTS OF THE MEASUREMENTS 
CONCLUSIONS 


BIBLIOGRAPHY 


ee 
let 
‘pee 


—~ =p ry Pe Re Ooo : 


11h6-17 


Page 1 of 14 


I. INTRODUCTION 
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i. SCATTERING RANGE PARAMETERS 


The basic radar seattering range would cons sist ie a tan k fil! 
with liquid into which a small body wo 
properties measured, 


targets ie wi 


Also t 
larger nelle one wav 
excessive, and would increase eaneieies : nce perenne 
conéiderably, Hence the bodies of interest would | hav ve a all echo 
area, It was therefore rege cme ae — 8 sho lso be 

nélosed in the tank in o1 t iniim robl ) Which 

ady are severe, E ccept pide the ta 1k (eae the antennas and 
e model, ee 8: r ge Sekine é be similar t to seg otaiae cw 


s work show that the 


rget at which a phase deviation of 
d over a 1 wavelength cross 
is is the weual definition of the far 
field. ee wariati on over the target is less than 3 db, Since the 
paddies ae be sear near r the center of the tank to minimize 

d iairraien tank dimensions should be 
ap] it S«band (3 kmec) with a liquid of 
Solas dishestric « constant ¢y = ‘4 0, the tank dimensions would be 


Se rastnteks of Green 8 
imum rane ine m antenna to ta: 
vt «is er n a anes 


le e, 


At X-band (10 kmc) with éy = 4,0, the tank dimensions would be 


20% = 0, 3 meters. 


From above, the S-band tank would require about 1 cubic meter 
of liquid, which is about 2 250 gallons, Cost of the liquid must therefore 


be considered a factor, In view of this a nd because of the mere 


physical size of the necessary tank, it would be inadvisable to operate 
below S=band, 
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Losses in the liquid ambient medium must also be considered. 
The attenuation factor is 


z 


avs = (tan 6) = * (tan 6) 


WN 


tan Sis the loss tangent of the liquid. The signal decay per 
wavelength in the ambient medium is given by 


A = 27, 3 tan & db. 


Since the echos from the target may be very small, the losses due to 
the liquid medium must be kept low. Five db was estimated as an 
upper limit, The total path length will be about 202 so that the total 
attenuation will be 


(Ax) = (27. 3) (20) tan 6 db, or 


(Ax) = 546 tan 5 db, 


Hence for an attenuation less than 5 db we must. have 


tan 5 < 0,01 


in the liquid. For a loss tangent of this magnitude, attenuation over 


of 0,25 <¢, < land model sizes of 0.054 <r<1.0X. Hence the 
must have a relative dielectric constant of at least «. = 4.0 te 


ehely 
the first requirement. Then ifc, = 4.0 and the frequency is X-band 


r=0,05. = 0.75 mm. 


This is just about the minimum size which would be machineable, and 
thus X-band is about the highest usable frequency. 
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Thus the parameters of the scattering range include: 


1, Enélosed antennas 


2. requency of 3 kmc to 10 kme 
3. iquid such that 


a. €y~ 4.0: 

b. tan 6< 0,01 

¢. Feasonable cost 

d. usable physical 
4, For ¢ * = 4 ble 


al properties 


0. 04 <1 re meters apaennait aa 10 pacibcn 
of liquid, 


Scattering by the tank walls could be minimized by proper choice 
of the tank shape, by the use of absorber materials, and by constructing 
the tank walls to serve as a matching device between the liquid and the 
medium beyond the walls, 


Sass, onsiderable research | was directed toward finding a suitable 
‘ant and loss tangent were examined 

1eried but no 

ements, 
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netory ede: was poten to meet the above requir 


A letter’? received from the Massachusetts Institute of Technology, 
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measuring the dielectric constant and lose bas was con 


and mixtures as well as pure liquids were tested. 
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li, DIELECTRIC CONSTANT AND LOSS. 
TANGENT MEASUREMENTS 


A. Theoretical | Considerations 


The values of dielectric constant and loss tangent of materials 
considered for use as the ambient medium were measured using the 
shorted waveguide method described by von Hippel!2 » in which the 


meas: red Seep peie are fed, e shift in ne natal po ition “tf the standing 


eens oy Bowie a a Kaitenes® » were ee. The r 
derived by Roberts and von Hippel? were simplified by Dakin and Works 
for the case of a relatively low-loss dielectric (viz., tan &< 0,1), 
Bowie and Kelleher in turn rearranged Dakin and Works" approximate 


mala seeking 


expressions such that two univer 6a charts, or sets of curves, 


the dielectric constant and loss 
urves apply to rectangular waveguides 
frequency and spécifie sample lengths 
e cutoff wavelength, as 
lectric constant and 


rela ing the measured | quan 
tangent were obtained, These 
in general, provided a@ spe 


the value of dalesese Sonhnke obt vi 

used, since to do so would have involved an addi 
each sample (the curves of th: 
determined by the dielectric poieianie “Fhe | various. S eiues ef pias 
tangent were determined using Dakin and Works" approximate 
expression, as modified below, - 


Dakin and Works show that 


ora} + san’ | 


Qy tans at 
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where Ox = width of standing-wave minimum at 
twice minimum power value (3 db 
above minimum) 


€, = dielectric constant of sample 


Ake = Cutoff wavelength in air=filled portion 
of guide 


dh, = wavelength in air-filled portion of gulsne 
Bz = propagation constant in sample 
distance on air side of air=sample 


interface to the first standing-wave 


& 


Roberts and von Hippel? have shown that for the shorted waveguide 


distance from the minimum to some pdtmt x, and 


tT) 


E-field at that point, 


If Ex, is chosen as the 3. db above minimum point, and if «<0. 1, then 
Eq.. (2) reduces to 


( 3), ——— 
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where Ax = distance between the 3 db above minimum points. 


This assumption is included in the derivation of Eq. (1), and since it 
is possible for wAx/ Ag > 1 while eur eigen des tan &< ge 1, 
desirable to make Eq, (1) more ¢ 1 
itly, This may be done by 


for tan 6 < 0,1. 


The measurements were made at X-band, and in order to use 
Bowie and Kelleher's chart, 10,37 kmc was the specific hoagie 
—- a block see tei of the dheeieetaiden Ab anes is ee in eh B. 


cC Bz iQ + tan® Be a) + tanpzd 


were oc} 


wae mnt eh IE Re ERE A CARON AA REELS LORE EET 


Hle-IT? 


Frequency Meter | yvswr 


_Meter 


Precision | aes 


Fig. i. Block diagram of equipment used to measure 
dieleetri: 


¢ constant and loss tangent, 


iV, RESULTS OF THE MEASUREMENTS 


The Seeuteks . electrical py opersies' of thee (preferably liquid) 
material for use ent n were 


at X- band, 


A literature search was. conducted and various samples were 


measured; however no satisfactory material was found, The measured 
data are has in Table Ah The values listed oe = hier Pee ite 


Further investigations. were performed by “dopir 
liquids (castor oil and transi! oil” ‘) with a high+dielectric-constant 
additive (TiO, ). The castor oi] mixtures (F igs. 2-3) were too lossy, 
however the Prasat oil mixtures ness 4 and 5). appear paapoReEt 


ee ome ee encarta euctvieat peers of ie ie A peony 


of Eq. (4) has shown that the accuracy of the extreme points is lowest. 


* Transil ‘oil = = 10=C insulating oil (G. E.) 
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Tan d: 


Fig. 3, Loss tangent versus TiO, concentration for a 
castor oi! = TiO, mixture 
10, 37 kme,. 
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Volume Percentage Of TiO In Mixture: 


Fig. 4, Relative dielectric constant versus TiO, 
concentration for a transi) oil —- TiO, 
mixture at a frequency of 10, 37 kmc, 


Volume Percentage Of Tid, In. Mixture 


Fig. 5, Loss sake em VEE SUS iam 
transi] oi] = TiO, mixtur: 
10,37 kme. 
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TABLE I 


| Measured Data From von Hippel "T 


(f = 10.37 kme}_ 


Material es | rane : = 


| (Commercial 
| sheet stock) 


| Pyranol 1467 (2.63 | 0.0621 | 2.62 | 0.0740 


Pyranol 1470 | 2s. 75 0.0776 oem. anaes Goes 


| Aroclor 1242 | 2.77 | 0.0234 2..6¢ 0, 0223 
‘ Castor oil 12.61 | 0.0610 


Traneil oil (2.18 | 002149 


Vaseline | Bitar 


a matter of five to ten minutes, thus causing the electrical properties. 
to vary with time. In order to increase the viscosity, petrolatum 
(vaseline) was added.* The effect of adding petrolatum (dielectric 
constant and loss tangent very similar to that of transil oil — see 
Chart I) was merely to reduce the TiO, concentration, Two such trial 
mixtures were measured, and the loss tangent values are plotted in 
Fig. 5, The values of TiO, concentration were determined approxi- 
mately by noting from Fig. 4 at what concentration the respective 
dielectric constants occurred, In the resultant transi! oi] ~ TiO, ~<- 
petrolatum mixture, appreciable settling did not occur for approxi- 
mately an hour. : : 


*The ‘viscosity was increased to approximately that of castor oil, 


since the rate of settling had been relatively low in castor oil, 


— 


(f = 10,00 kme) ___| 


Polystyrene 12.52 | 0.000628 | 2 | 0.000480 


= 
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V.. CONCLUSIONS 


The basic parameters of a scattering range for simulating echo 


area measurements of plasma coated bodies have been determined.. 


The requirements for the ambient liquid are satisfied by a 
transil oil = TiO; — petrolatum mixture. 


It is believed that the system is feasible; however numeérous 
problems would undoubtedly be encountered in constructing and 
interpreting the data from such a system. Among these would be the 
Small model sizé, and hence the extreme accuracy and system 
sensitivity required at X-band, or the construction and maintenance 
of the large tank of liquid required at S-band; difficulties in 
eliminating background reflection; and difficulties in accurately 
locating the models because of the optically opaque liquid. 


While these problems are by no means insurmountable, it is 
felt that in regard to the present project the expected results do not 
justify construction of the system at this time. However, it is 
believed that the information contained herein may be of use to 
others who may wish to pursue the subject further. 
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